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(37) ABSTRACT

A tire pressure monitoring system, that includes a plurality of
the wheel state detection unit, provided at wheel of a vehicle,
and that transmits detected wheel state information. A request
signal transmitter transmits a request signal to request trans-
mission of the detected wheel state information. When each
wheel state detection unit recerves the request signal, it trans-
mits the detected wheel state together with the indication
information indicating that the wheel state 1s detected 1n
response to the transmission request signal. The ECU sets a
determination threshold value for triggering an alert regard-
ing tire pressure based on the detected wheel state informa-
tion transmitted from the plurality of wheel state detection
units.
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WHEEL STATE MONITORING SYSTEM AND
WHEEL STATE DETECTING APPARATUS

INCORPORATION BY REFERENC.

L1

5
This disclosure of Japanese Patent Application No. 2007 -
018821, filed on Jan. 30, 2007, including the specification,
drawings, and abstract 1s incorporated by reference 1n 1ts
entirety.
10

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus and system
for obtaining information related to wheel state for a vehicle. 15

2. Description of the Related Art

Recently, for obtaining safer travel of vehicle, there are
developing a tire pressure monitoring system (IPMS)
through which the information of tire pressure, temperature,
and the like 1s transmitted wirelessly to vehicle body to 2g
inform to a driver. In such tire pressure monitoring systems, a
wheel state detection unit for detecting the wheel state, such
as a tire pressure and the like, 1s mounted 1n each wheel. The
information monitored with the wheel state detection unit 1s
transmitted wirelessly to the vehicle body. 75

With respect to this kind of monitoring system, Japanese
patent Laid-open publication No. 2003-267011 describes a
tire pressure alarm device that determines the tire pressure
state based on a comparison between the monitored tire pres-
sure and a threshold tire pressure, and alarms to a driver. Inthe 3¢
technology described 1n the Japanese Patent Application Pub-
lication No. JP-A-2003-267011, 1t the ftire specification
changes, the tire pressure 1s appropriately adjusted to accord-
ing to the new tire specification and the adjusted tire pressure
1s stored as the proper tire pressure, and a new threshold value 35
for determining whether the tire 1s properly inflated 1s set
based on the stored tire pressure.

In a tire pressure monitoring system, a wheel-state detect-
ing unit 1s provided with a valve stem and 1s mounted 1n a
wheel by fixing the valve stem to a wheel rim. In JP-A-2003- 40
267011, the threshold tire pressure 1s set while the vehicle 1s
stopped. However, a receiver on the vehicle body may have
difficulty recerving the air pressure information because the
signal strength 1s less than optimal due to the orientation of
the wheel when the vehicle 1s stopped. In this case, even if the 45
tire specification changes, the information of air pressure
cannot be recerved while the vehicle 1s stopped. The threshold
tire pressure cannot be changed, so that 1t 1s disadvantageous.
Additionally, when wheels rotate to increase the signal
strength improve the electromagnetic wave environment, the 50
receiver on the vehicle body 1s able to receive the air pressure
information the rotating wheels. However, 1n this case, it 1s
possible that the air pressure information obtained 1s not
accurate because the temperature inside air chamber of the
tire changes. 55

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a technology
for transmitting and receiving properly wheel state informa- 60
tion for a vehicle.

The wheel state monitoring system 1n accordance with the
present invention comprises a plurality of wheel state detec-
tion units, each mounted in a corresponding wheel, and each
transmits the wheel state information for the corresponding 65
wheel; a transmitter, mounted on a vehicle body, that trans-
mits a request signal for the wheel state information; and a

2

receiver, mounted on the vehicle body, that recerves the wheel
state information transmitted from each the wheel state detec-
tion unit. When each wheel state detection unit recerves the
request signal, each wheel state detection unit transmits the
wheel state information which includes the wheel sate and
indication information which indicates that the wheel state 1s
detected in response to the request signal. Moreover, as for the
wheel state when receiving the request signal, it may the
wheel state detected immediately before receiving or after
receiving.

According to the first aspect of the present invention, even
il each wheel state detection unit also transmits the wheel
state which 1s detected sometime, because the wheel state
detection unit transmaits the wheel state with indication infor-
mation which indicates that the wheel state 1s detected 1n
response to the transmission request signal to the vehicle
body, where the transmitted wheel state information can be
distinguished from wheel state information which 1s not
detected in response to the transmission request signal, refer-
ring to the indication information. For example, wheel state
information that 1s transmitted by the wheel state detection
unit at specified intervals may be distinguished from wheel
state information that 1s transmitted 1n response to a transmis-
s1on request signal from the vehicle body, based on the 1ndi-
cation information. As a result, the wheel state information
including the indication information can be extracted and
used for a special usage.

The vehicle body may be provided with a setting unit,
provided on the vehicle body, that sets a threshold value used
for triggering an alert regarding a tire pressure based on the
wheel state information transmitted from the wheel state
detection unit. The wheel state information transmitted 1n
response to the transmission request signal may be used to
properly set the determination threshold value.

The wheel state detection unit may store the wheel state
information generated 1in response to the transmission request
signal 1n a memory, until the wheel state detection unit
receives a confirmation signal from the transmitter mounted
on the vehicle body that the wheel state information has been
received. Accordingly, on the vehicle body, for example,
before the setting of the determination threshold value 1s
completed, the wheel state information from the memory 1s
not deleted, and 1f the wheel state information 1s not receirved
on the vehicle body, the wheel state information remains
stored 1n the memory until it can be retransmitted.

The transmission request signal 1s sent from the transmitter
in response to a driver mput, and the setting unit sets the
threshold value when the wheel state satisfies a predeter-
mined condition. For example, when the information of tire
pressure and the like included 1n the wheel state information
1s not normal, the setting unit does not set the threshold value.
As aresult, 1t1s possible to avoid setting the threshold value in
accordance with the wheel abnormal state.

The transmission request signal 1s sent from the transmitter
in response a driver input made when the wheel state satisfies
a determined condition. For example, the transmission
request signal may be sent when the vehicle 1s stopped.

A second aspect of the present invention 1s to provide a
wheel state detection umit. The wheel state detection umt
comprises a detector that detects a wheel state, a recerver that
receives a transmission request signal from a vehicle body
side, a memory that stores the wheel state detected by the
detector when the receiver receives the transmission request
signal, with the indication information which indicates that
the wheel state 1s detected 1n response to the transmission
request signal, and which 1s associated with the wheel state,
and a transmitter that transmits the wheel state stored on the
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memory, together with the indication information. According,
to the second aspect of the present invention, the wheel state
together with the indication information as the wheel state
information may be transmitted wirelessly and thus the wheel
state information including the indication information can be
extracted on the vehicle body.

According to the present invention, the determination
threshold value set by the setting umit may be obtained from
the tire pressure information acquired. In addition, the trans-
mission request signal may be transmitted when the vehicle 1s
stopped.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become apparent from the following descrip-
tion of example embodiments, given in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a schematic view of a wheel state monitoring,
system mounted to a vehicle in accordance with an embodi-
ment of the present invention;

FIG. 2 1s a partial sectional view of a wheel installed to the
vehicle of FIG. 1;

FIG. 3 1s a functional block diagram of the vehicle body in
the wheel state momitoring system:;

FIG. 4 1s a functional block diagram of the wheel state
detection unit in accordance with an embodiment of the
present mvention;

FIG. 5 1s a view showing a flow of setting processes of a
determination threshold wvalue, which 1s executed in the
vehicle body; and

FIG. 6 1s a view showing a flow of transmission processes
of the wheel state information, which 1s executed 1n the wheel
state detection unit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic view of a wheel state monitoring
system 200 mounted to a vehicle 10 1n accordance with an
embodiment of the present invention. The vehicle 10 1s pro-
vided with a main body 12, wherein a front right wheel FR,
front left wheel FL, rear right wheel RR and rear leit wheel
RL (hereinafter, referred to as “wheel 14”) are mounted to the
main body 12. The wheel 14 1s provided with a tire and wheel,
and a cylindrical wheel rim 1s provided on the outer circum-
terential part of the wheel and a tire 1s mounted on the outer
circumierence of the wheel rim. A tire air chamber 1s formed
on the space surrounded by the inside of the tire and the outer
circumierence of the wheel rim.

The wheel state monitoring system 200 according to the
present embodiment includes a wheel state detection units
16a,16b, 16c, and 16d (hereinaiter, i necessary, referred to as
“wheel state detection unit 16”), vehicle side receiver 20,
request signal transmitters 22a, 2256, 22¢, and 22d (hereinat-
ter, 11 necessary, referred to as “request signal transmitter
227), wheel speed sensor 24 and electromagnetic control unit
100 (heremnafter, referred to as “ECU”). The vehicle state
detection units 16a, 165, 16¢, and 16d are mounted on the
front right wheel FR, front lett wheel FL, rear right wheel RR
and rear left wheel RL, respectively. Additionally, the request
signal transmitters 22a, 225, 22¢, and 22d are mounted cor-
respondingly to the vehicle state detection units 16a, 165,
16¢, and 16d, respectively.

The wheel state detection unit 16 1s provided with a valve
stem and a unit main body. The unit main body 1s provided
with a battery and a base on the inside thereof. A process
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device, which 1s described later, 1s mounted on the base.
Furthermore, the unit main body 1s provided with an air
pressure sensor, temperature sensor, transmitter, receiver, and
the like on the inside thereof. The process device produces
wheel state information from the results monitored by the air
pressure sensor, the temperature sensor and the like. The
battery supplies power to the process device of the base and
the like. As a result, the wheel state detection unit 16 detects
the tire pressure and the temperature inside the tire air cham-
ber, and wirelessly transmits the detected tire pressure with-
out power supplied from the vehicle body 12. The unit body
1s fixed to one end of the valve stem. The wheel state detection
unit 16 1s mounted in the wheel 14 through the valve stem
being fixed to the wheel rim. The wheel state detection unit 16
transmits the wheel state information at predetermined inter-
vals, 1.e., once per several minutes.

A vehicle side recerver 20, a request signal transmitter 22,
a wheel speed sensor 24, an 1nitialization switch 26, a notifi-
cation unit 28, and an ECU 100 are provided on the vehicle
body 12. The ECU 100 monitors tire pressure using the wheel
state information transmitted from the wheel state detection
unit 16, and when the tire pressure 1s below a threshold value
for triggering an alert regarding tire pressure, the ECU 100
also allows the notification umt 28 to alert a driver. The
notification unit 28 may output an audible alarm from a
speaker or may output a visual alarm from an 1mage output
device such as a liquid crystal panel and the like. In the wheel
state monitoring system 200 according to the present embodi-
ment, the ECU 100 sets the threshold value for determining
the alarm.

The mnitialization switch 26 1s operated by a driver to setthe
threshold value for determination an alarm process in case of
changing tires newly or exchanging front and rear tires each
other. If the tire specification changes, 1t 1s necessary to reset
the threshold value for determining an alarm process for the
new tires for monitoring tire pressure thereof. After changing,
tires, a driver operates the initialization switch 26 and then the
ECU 100 starts the process of setting the determination
threshold value.

The request signal transmitter 22 transmits a transmission
request signal for the wheel state information to the corre-
sponding wheel state detection unit 16. The request signal
transmitter 22 1s connected to the ECU 100 and transmits a
transmission request signal based on instructions from the
ECU 100. The ECU 100 instructs the request signal transmiut-
ter 22 to transmit the transmission request signal when the
ECU 100 recerves the operation iput from the mitialization
switch 26. The receiver of corresponding wheel state detec-
tion unit 16 receives the transmission request signal.

When the wheel state detection unit 16 receives the trans-
mission request signal, 1t transmits the wheel state informa-
tion, which consists of the detected wheel state and 1nstruc-
tions information indicating that the wheel state 1s detected in
response to the transmission request signal. Even though the
wheel state detection unit 16 periodically transmits the wheel
state information, when 1t receives the transmission request
signal, it will transmit the wheel state information 1n response
to the transmission request signal, regardless of a transmis-
sion 1interval. Further, when the wheel state detection unit 16
receives the transmission request signal, it may transmit the
wheel state mformation at the transmission timing which 1s

reached after receiving the transmission request signal.

The vehicle side recerver 20 recerves the wheel state infor-
mation transmitted from the wheel state detection unit 16.
The vehicle side receiver 20 1s connected to the ECU 100, and
the wheel state information recerved by the vehicle side
receiver 20 1s output to the ECU 100. When the received
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wheel state information 1s detected in response to the trans-
mission request signal from the request signal transmaitter 22,
the ECU 100 sets a determination threshold value based on
the wheel state information, wherein the determination
threshold value 1s used to determine whether the tire pressure
1s at a level where the driver should be alerted.

The wheel speed sensor 24 detects the wheel speed, which
1s the rotational speed of each of the four wheels 14.

FIG. 2 1s a partial sectional view of the wheel 14 that 1s
mounted on the vehicle 10. A tire 30 included 1n each wheel
14 1s so-called a run flat tire, enabling run flat travel when air
pressure decreases. The tire 30 includes a pair of bead parts 34
embedding a bead core 32, a pair of sidewalls 36 extending
outwardly 1n radial direction of the tire from the bead part 34,
and a tread portion 38 that extends between both sidewalls 36.
A carcass 40 formed of one sheet of fiber material and the like
1s embedded 1n the pair of bead parts 34, pair of sidewalls 36
and tread portion 38. A belt layer 42 1s embedded 1n the tread
part 38 so that 1t 1s arranged 1n the exterior of the carcass 40.
A reinforced rubber layer 46 1s embedded on each sidewall 36
so that 1t 1s arranged 1n the 1interior of an mner liner 44. The
reinforced rubber layer 46 1s very rigid, and 1s capable of
supporting the whole tire 30 with respect to the wheel 50,
enabling the run flat travel when the air pressure 1inside the tire
30 decreases due to a puncture of the tire and the like.

A wheel state detection unit 16 1s mounted in each wheel
14, serving as an air pressure adjustment valve of the tire 30.
The wheel state detection unit 16 includes a detection part 61
arranged 1n the internal space S formed between the tire 30
and the wheel 50; a case 62 formed of resin, which protrudes
to the internal space S, that accommodates various sensors
that are described later; and an air-passage 63 provided inte-
grally with the case 62. Air 1s introduced into the internal
space S through the air-passage 63 when adjusting air pres-
sure, however, normally, air-passage 1s sealed with a valve
cap 58 mounted on the tip end of the air-passage 63. The
wheel state detection unit 16 1s mounted through a portion of
the air-passage 63 fixed to a mounting hole 54 formed on a
wheel rim 52 of the wheel 50 with a grommet 56 made of
elastic rubber, a washer and bolt. As a result, the case 62
disposed 1n the internal space S, 1s eccentrically supported on
the connection part by the air-passage 63. The grommet 56
has a predetermined rigidity and keeps inside of the tire 30 to
be airtight. Additionally, the valve cap 58 protrudes outward
from the wheel rim 52, and air may be supplied to the inside
of the tire 30 by connecting a hose of air supplying device to
a valve aperture (not shown) after removing the valve cap 58.

FIG. 3 1s a functional block diagram of the vehicle body 12
in the wheel state monitoring system 200. The vehicle body
12 includes the vehicle side receiver 20, the request signal
transmitter 22, the wheel speed sensor 24, the mitialization
switch 26, the notification unit 28, and the ECU 100. The
ECU 100 includes a operation mput reception unit 102, a
vehicle state determining unit 104, a transmitting-control unit
106, a wheel state information acquiring unit 108, a determi-
nation threshold value setting unit 110, an alarm processing
unit 112, and a memory unit 120.

The operation input reception unit 102 receives an input
when the drniver operates the initialization switch 26. As
described above, when the driver operates the 1mitialization
switch 26, the ECU starts the process of setting the determi-
nation threshold value.

The vehicle state determining unit 104 determines whether
the vehicle 1s 1 an approprate state for setting the determi-
nation threshold value. In the wheel state monitoring system
200 according to the present embodiment, the determination
threshold value 1s set based on the tire pressure obtained when
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the transmission request signal 1s recerved on the wheel state
detection unit 16. Under this condition, when changing tires,
a driver operates the imtialization switch 26, once the vehicle
has stopped, to allow the ECU to begin setting the determi-
nation threshold value. While the vehicle 1s moving, the tire
pressure cannot be properly obtained because the temperature
inside the tire 1s increased. Theretfore, the vehicle state deter-
mining unit 104 determines whether the vehicle 1s stopped,
and ends forcedly the setting of the determination threshold
value 1f the mmtialization switch 26 1s operated while the
vehicle 1s moving. The vehicle state determining unit 104
determines whether the vehicle 1s moving based on 1nput
from the vehicle speed sensor 24.

If the vehicle state determining unit 104 determines that a
vehicle state satisfies a predetermined condition, the trans-
mitting-control unit 106 controls each request signal trans-
mitter 22a-22d to transmit the transmission request signal.
For example, the transmitting-control unit 106 can control
cach request signal transmitter 22a-22d to transmit the trans-
mission request signals at a predetermined time 1nterval. For
example, the transmitting-control unit 106 may control the
request signal transmitters 22a, 225, 22¢, and 22d to transmit
the signals at 3-second 1ntervals.

The request signal transmitter 22 1s a LF (Low Frequency)
transmitter, and may combine a Low Frequency signal with
the request signal to transmit them. When the request signal
transmitter 22 receives a transmission order from the trans-
mitting-control unit 106, 1t transmits a transmission request
signal to the wheel state detection unit 16.

FIG. 4 1s a functional block diagram of the wheel state
detection unit 16 1n accordance with an embodiment of the
present invention. The wheel state detection unit 16 includes
a wheel side receiver 170, a wheel side transmitter, an air
pressure sensor 174, a temperature sensor 176, and a process-
ing device 150.

The air pressure sensor 174 and the temperature sensor 176
are detection means for detecting the wheel state, respec-
tively. The air pressure sensor 174 detects the air pressure in
an air chamber of the tire (heremnafter, referred to as “tire
pressure’”), and the temperature sensor 176 detects the tem-
perature 1n the air chamber of the tire. The air pressure sensor
174 and the temperature sensor 176 are connected to the
processing device 150 and the detected results by the air
pressure sensor 174 and the temperature sensor 176 are out-
put to the processing device 150. The wheel side transmitter
172 transmits the wheel state information to the vehicle side
recerver 20, and the wheel side recetver 170 receives a trans-
mission request signal transmitted from the request signal
transmitter 22.

The processing device 150 includes a microprocessor as
well as a request signal acquiring unit 152, a wheel state
information generation unit 154, a timer 156, a transmission
control unit 158, a confirmation signal acquiring unit 160, and
a memory unit 162. The timer 156 measures time. The
memory unit 162 stores a unit ID used as 1dentification infor-
mation to 1dentily a particular wheel state detection unit 16.
The wheel state information generation unit 154 acquires the
information of the tire pressure and temperature inside the tire
air chamber (hereinafter, referred as “tire pressure informa-
tion””) by using the detected results from the air pressure
sensor 174 and the temperature sensor 176. The wheel state
information generation unit 154 generates wheel state infor-
mation that contains the detected tire pressure information
and the like. The wheel state information includes the unit 1D
and 1s stored 1n the memory unit 162 before being transmaitted
from the wheel side transmuitter 172 pursuant to the transmis-
s10n mstructions from the transmission control unit 158. The
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wheel state information generation unit 154 generates the
wheel state information at a predetermined intervals gov-
erned by the timer 156, and the wheel state information 1s
transmitted at predetermined intervals from the wheel side
transmitter 172 by the transmission control unit 158.

The processing device 150 according to the present
embodiment may also periodically generate and transmit the
wheel state information as well as then transmitting forcedly
the wheel state information detected by the air pressure sen-
sor 174 and the temperature sensor 176 1n response to the
transmission request signal from the vehicle body 12.

Specifically, when the wheel side receiver 170 receives the
transmission request signal from the request signal transmit-
ter 22, the request signal acquiring umt 152 acquires the
transmission request signal. The request signal acquiring unit
152 orders the wheel state information generation unit 154 to
generate the wheel state information for setting the determi-
nation threshold value. The wheel state information genera-
tion unit 154 receives the detected results from the air pres-
sure sensor 174 and temperature sensor 176, and generates
the wheel state information including the tire pressure infor-
mation and the like, together with the mstructions informa-
tion indicating that the wheel state 1s detected 1n response to
the transmission request signal. For example, the indication
information may be expressed with a flag value. The data
format of the wheel state information 1s provided with a
response flag, and the response flag value of typically peri-
odically transmitted wheel state informationis setto be 0, and
the response flag value of the wheel state information gener-
ated 1n response to the transmission request signal from the
vehicle body 12 1s to set be 1. As a result, the wheel state
information used 1n the setting process of the determination
threshold value can be selectively acquired on the vehicle
body 12 side, by referring to the response flag value of the
wheel state information.

Meanwhile, when the wheel state information generation
unit 154 receives the instructions from the request signal
acquiring unit 152, 1t generates the wheel state information at
the timing when the istructions are receirved, or when at
speciflied time intervals. In the former case, the wheel state
information 1s generated ditferently from a generation inter-
val, and 1n the latter case, the wheel state information 1s
generated to meet a typical generation interval. Further, in the
former case, once the wheel state information generation unit
154 generates the wheel state information, it then notifies the
transmission control unit 158 that the wheel state information
has been generated. The transmission control unit 158 allows
the wheel side transmuitter 172 to transmuit the generated wheel
state information to the vehicle side recerver 20. As a result,
the vehicle side recetver 20 receives the wheel state informa-
tion that 1s used to set the determination threshold at com-
paratively fast timing after the transmission request signal 1s
transmitted from the transmission request transmitter 22.
Additionally, the transmission control unit 158 may allow the
wheel side transmaitter 22 to transmit the wheel state informa-
tion to the vehicle side receiver 20 at the transmission timing,
at predetermined transmission intervals. The wheels state
information generation unit 154 stores the wheel state infor-
mation of the transmission request signal on the memory unit
162.

Referring to FIG. 3, the vehicle side recerver 20 recerves
the wheel state information transmitted from the wheel side
transmitter 172 and transfers it to the wheel state information
acquiring unit 108. When acquiring the wheel state informa-
tion, the wheel state information acquiring unit 108 deter-
mines whether 1t 1s to be used 1n the setting the determination
threshold value by referring to the response tlag value. As
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described above, 1f the response flag value 1s set to be 1, 1t 1s
determined that the wheel state information 1s to be used 1n
setting the determination threshold value. When the response
flag value 1s 1, the wheel state information acquiring unit 108
transfers the wheel state information to the determination
threshold value setting unit 110. The determination threshold
value setting unit 110 sets the threshold value for determining
based on the tire pressure included 1n the wheel state infor-
mation.

For example, the determination threshold value setting unit
110 may, for example, multiply the value of the detected tire
pressure information by 0.75 and set the result as the deter-
mination threshold value. Accordingly, 1f the detected tire
pressure information 1s 200 kPa, 150 kPa (=200 KPax0.75) 1s
set as the determination threshold value. The coelfficient may
be any suitable value, here the coeflicient of 0.75 means that
an alert 1s provided when the tire pressure has decreased by
about 25% from the initial state.

As well, the determination threshold value setting unit 110
sets the threshold value for determining when the wheel state
information from the wheel state information acquiring unit
108 satisfies a predetermined condition, and 11 not, 1t does not
perform the determination threshold value setting process.
For example, if the detected tire pressure immformation 1s
abnormally high or low, the threshold value should not be set
based on the detected tire pressure. Therelore, when setting
the upper limit and lower limait, 1f the detected tire pressure
information 1s not within the specified range between the
upper limit and lower limit, the determination threshold value
setting unit 110 does not perform the determination threshold
value setting process. As a result, it 1s possible to avoid setting
an mappropriate determination threshold value.

The memory unit 120 stores the corresponding table
between the unit ID of the wheel state detection unit 16 and
the mounting locations of the wheel state detection unit 16.
When new ftires are mounted or the wheel positions
exchanged, the corresponding table may be made by a driver.
The determination-threshold value setting umit 110 sets the
determination threshold value for each wheel by using the
corresponding table and the unit ID included in the wheel
state information.

Also, the request signal transmitter 22 1s provided with a
transmitter ID and thus can make the corresponding table
between the unit ID of the wheel state detection umit 16 and
the mounting location of the wheel state detection unit 16.
The determination threshold value setting unit 100 stores the
corresponding table between the transmitter ID of the request
signal transmitter 22a-22d and the mounting location thereof.

Each request signal transmitter 22 transmits a transmission
request signal including its transmitter ID. In the wheel state
detection unit 16, when the request signal acquiring unit 152
acquires the transmission request signal, the information of
the transmitter ID 1s sent to the wheel state information gen-
eration unit 154. As a result, the wheel state information
generation unit 154 generates the wheel state information
which also includes the information of the transmaitter ID. As
described above, the wheel state information 1s transmitted
from the wheel side transmitter 172 to the vehicle side
receiver 20 by the transmission control umt 158.

The wheel state information acquiring unit 108 acquires
the wheel state information and the determination threshold
value setting unit 110 acquires the transmitter ID included in
the wheel state information. Theretore, the determination
threshold value setting unit 110 specifies the wheel state
information transmitted from which wheel state detection
unit 16 of the front right wheel FR, front left wheel FL, rear
right wheel RR and rear left wheel RL, by referring to the
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corresponding table of the transmitter ID and the mounting
location thereol. Accordingly, the determination threshold
value setting unit 110 may make the corresponding table of
the unit ID of the wheel state detection unit 16 and the mount-
ing location of the wheel state detection unit 16, and sets the
determination threshold value for each wheel.

When the determination threshold value 1s set as described
above, the alarm processing unit 112 determines whether the
wheel state information transmitted periodically from the
respective wheel state detection unit 16 1s below the threshold
value for triggering the low pressure alert. In addition,
because the temperature 1nside the tire air chamber increases
while the vehicle 1s 1n motion, 1t 1s preferable to determine tire
pressure taking into account the effect of the increased tem-
perature, for example, to determine tire pressure more ire-
quently. When the tire pressure 1s determined to be below the
determination threshold value, the alarm processing unit 112
allows the notification unit 28 to 1ssue an alert. The notifica-
tion unit 28 may audibly alert the driver from a speaker that
the tire pressure has decreased, or may visually alert the driver
through an 1mage output device, such as a liquid crystal panel
and the like.

Furthermore, in the present embodiment, the process of
setting the threshold value starts once the vehicle is stopped.
A communication state between the wheel side transmaitter
172 of the wheel state detection unit 16 and the vehicle side
receiver 20 of the vehicle body 12 1s influenced significantly
by the orientation of the wheel when the vehicle 1s stopped. As
shown 1n FIG. 2, because the wheel state detection unit 16 1s
mounted on the valve stem, situations may occur where the
transmission signal from the wheel side transmitter 172 can-
not be recerved by the vehicle side receiver 20, depending on
the orientation of the wheel when the vehicle 1s stopped.

Therefore, 1n the wheel state detection unit 16, the wheel
state information 1s stored 1n the memory unit 162 until 1t 1s
confirmed that the wheel state information 1n response to the
transmission request signal can be received by the vehicle
body 12. In the vehicle body 12, when the wheel state infor-
mation acquiring unit 108 acquires the wheel state informa-
tion 1n which the response tlag value of 1 1s set, a reception
confirmation signal (so-called ACK signal) 1s transmitted
from the request signal transmitter 22. When the confirmation
signal acquiring unit 160 acquires this reception confirmation
signal, 1t 1s confirmed that the wheel state information 1s
received properly 1n the vehicle body 12 and the wheel state
information stored 1n the memory unit 162 1s deleted.

Meanwhile, when the confirmation signal acquiring unit
160 does not acquire the reception confirmation signal, it
notifies to the transmission control unit 158 that the confir-
mation signal acquiring unit 160 does not acquire the recep-
tion confirmation signal. For example, 11 the confirmation
signal acquiring unit 160 does not acquire the reception con-
firmation signal until a predetermined time period, measured
by the timer 156, has elapsed after the wheel state information
1s transmitted from the wheel side transmitter 172, 1t may
notily to the transmission control unit 158 that the confirma-
tion signal acquiring unit 160 does not acquire the reception
confirmation signal. When receiving this notice, the transmis-
sion control unit 158 may allow the wheel side transmitter
172 to retransmit the wheel state information stored in the
memory unit 162.

Moreover, because the location of the wheel state detection
unit 16 does not change once the vehicle 1s stopped, 1t 1s
determined that the communication circumstances between
the wheel side transmitter 172 and vehicle side receiver 20
will not improve. Accordingly, the retransmission process by
the transmission control unit 158 1s performed within a pre-
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determined period of time. Thus, an unnecessary repetition of
retransmission process can be avoided and the drain on the
battery may be reduced. In addition, 11 the wheel state detec-
tion unit 16 1s mounted with an acceleration sensor and
detects that the wheel 14 1s rotating the retransmission pro-
cess may be performed or restarted when the wheel 14 begins
rotating. As a result, even 1f the vehicle 1s moving, the vehicle
receiver 20 properly recerves the wheel state information at
the moment that the iitialization switch 26 1s operated.

FIG. 5 1s a tlowchart that shows the process of setting the
determination threshold value, which 1s performed in the
vehicle body 12. The process starts with a operation of the
initialization switch 26 by a driver (Y at S10). If the 1nitial-
1zation switch 26 1s not operated (N at S10), the process 1s not
initiated.

When the 1nitialization switch 26 1s operated, the vehicle-
state determining unit 104 determines whether the vehicle 1s
stopped (S12). I the vehicle 1s not stopped (N at S120), the
setting process of the determination threshold value ends. It
the vehicle 1s stopped (Y at S12), the transmitting control unit
106 controls each request signal transmitter 22 to transmait the
transmission request signal (S14). When the wheel-state
information acquiring unit 108 acquires the wheel state infor-
mation in response to the transmission request signal (Y at
S516), the reception confirmation signal 1s transmitted from
the request signal transmitter 22 (S18). Moreover, when the
wheel-state information acquiring unit 108 does not acquire
the wheel state information 1n response to the transmission
request signal, for example for predetermined time period (N
at S16), the setting determination threshold value may be
terminated. The determination threshold setting unit 110 sets
the threshold value of alarm process for determining, based
on the tire pressure information mcluded 1n the wheel state
information (S20).

FIG. 6 1s a view showing the transmission processes of the
wheel state information that are performed in the wheel state
detection unit 16. The process starts when the request signal
acquiring unit 152 acquires the transmission request signal (Y
at S30). If no transmission request signal 1s acquired (N at
S30), the process 1s not executed. Although the transmission
process of the wheel state information used in setting the
determination threshold value 1s shown, the transmission pro-
cess of the periodic wheel state information 1s omitted.

The wheel state information generation unit 154 generates
the wheel state information includes the wheel state and
instructions information which indicates that the wheel state
1s detected by the air pressure sensor 1n response to the trans-
mission request signal, and which 1s associated with the
wheel state, and stores the wheel state with the instructions
information on the memory unit 162. The wheel side trans-
mitter 172 transmits the wheel state information to the vehicle
side recerver 20 (S32). The wheel side transmitter 172 may
transmit the wheel state information at the timing of generat-
ing it or at predetermined interval.

The confirmation signal acquiring unit 160 confirms
whether the reception confirmation signal 1s transmitted from
the request signal transmitter 22, and 11 1t 1s not confirmed (N
at S34), the wheel state mnformation stored on the memory
unit 162 1s retransmaitted (S32). When the confirmation signal
acquiring unit 160 acquires the reception confirmation signal
(Y at S34), the wheel state information 1s deleted from the
memory unit 162.

While the invention has been shown and described with
respect to the example embodiments, 1t will be understood by
those skilled 1n the art that various changes and modification
may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.
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What 1s claimed 1s:

1. A wheel state monitoring system, for a vehicle body that
includes a plurality of wheels, the wheel state monitoring
system comprising;:

a plurality of wheel state detection units, wherein each
wheel state detection unit 1s mounted to a corresponding

wheel, each wheel state detection unit detects a wheel
state for the corresponding wheel and each wheel state
detection unit transmits wheel state mformation that
indicates the wheel state:

a transmitter, mounted on the vehicle body, that transmuts a
request signal that requests the wheel state information;
and

a receiver, mounted on the vehicle body, that receives the
wheel state information transmitted from each wheel
state detection unit,

wherein, when each wheel state detection unit receives the
request signal, each wheel state detection unit transmits
the wheel state information, together with nstructions
information which indicates that the wheel state 1s
detected by each wheel state detection unit, at a moment
when each wheel state detection umt mnitially recerves
the request signal from the transmitter mounted on the
vehicle body, and

wherein each respective wheel state detection unit stores
the wheel state information generated 1n response to the
request signal in a memory until the respective wheel
state detection unit receives a confirmation signal from
the vehicle body that the wheel state information has
been received by the recerver mounted on the vehicle
body.

2. A wheel state monitoring system according to claim 1,

turther comprising:

a setting unit, provided on the vehicle body, that sets a
threshold value used for triggering an alert regarding a
tire pressure based on the wheel state information trans-
mitted from the wheel state detection unit.

3. A wheel state monitoring system according to claim 2,
wherein the transmitter transmits the request signal in
response to a driver input, and the setting unit sets the thresh-
old value when the wheel state satisfies a predetermined
condition.

4. A wheel state monitoring system according to claim 1,
wherein the transmitter transmits the request signal in
response to a driver input made when the wheel state satisfies
a predetermined condition.

5. A wheel state monitoring system according to claim 4,
wherein the transmitter transmits the request signal when the
vehicle 1s stopped.

6. A wheel state monitoring system according to claim 1,
wherein the wheel state detection unit periodically transmits
the wheel state information.

7. A wheel state monitoring system according to claim 1,
wherein the wheel state detection unit receives the confirma-
tion signal from the transmitter mounted on the vehicle body.

8. A wheel state monitoring system according to claim 1,
wherein the wheel state 1s a tire pressure.

9. A wheel state detection apparatus according to claim 1,
wherein each wheel state detection unit includes an accelera-
tion sensor,

wherein each wheel state detection unit transmits the wheel
state information based on an acceleration amount
detected by the acceleration sensor.

10. A wheel state detection apparatus according to claim 9,

wherein each wheel state detection unit transmits the wheel

5

10

15

20

25

30

35

40

45

50

55

60

12

state for a predetermined period of time when the vehicle 1s
stopped, each wheel state detection unit then stops transmit-
ting the wheel state, and then each wheel state detection unit
retransmits the wheel state when the acceleration sensor
detects that the vehicle begins to move.

11. A wheel state detection apparatus comprising:

a detector that detects a wheel state;

a recerver that receives a transmission request signal;

a memory that stores the wheel state detected by the detec-
tor when the recetver recerves the transmission request
signal, with an instructions information that indicates
that the wheel state 1s detected 1n response to the trans-
mission request signal, wherein the wheel state 1s asso-
ciated with the instructions information; and

a transmitter that transmits the wheel state stored 1n the
memory, together with the mstructions information,

wherein the detection apparatus deletes the wheel state
from the memory when the receiver receives a confir-
mation signal that the wheel state transmitted by the
transmitter has been received.

12. A wheel state detection apparatus according to claim
11, wherein the transmitter periodically transmits the wheel
state information.

13. A wheel state detection apparatus according to claim
11, wherein the wheel state 1s a tire pressure.

14. A wheel state detection apparatus according to claim
11, further comprising an acceleration sensor,

wherein the transmitter transmits the wheel state based on
an acceleration amount detected by the acceleration sen-
SOT.

15. A wheel state detection apparatus according to claim
14, wherein the wheel state detector 1s mounted on a wheel of
a vehicle, and wherein the transmitter transmits the wheel
state for a predetermined period of time when the vehicle 1s
stopped, the transmitter then stops transmitting the wheel
state, and then the transmitter retransmits the wheel state
when the acceleration sensor detects that the vehicle begins to
move.

16. A wheel state monitoring method for a wheel state
monitoring system, provided in a vehicle body including a
plurality of wheels, that includes a plurality of wheel state
detection units, each mounted on a corresponding wheel, and
each transmits wheel state information; a transmitter,
mounted on a vehicle body, that transmits a request signal for
the wheel state information; and a recerver, mounted on the
vehicle body, that receives the wheel state information trans-
mitted from the wheel state detection units, the method com-
prising:

transmitting the wheel state, together with instructions
information that indicates that the wheel state 1s detected
by each wheel state detection unit at a moment when
cach wheel state detection unit receives the request sig-
nal;

storing the wheel state information generated 1n response
to the request signal 1n a memory of each respective
wheel state detection unit until the respective wheel state
detection umit receives a confirmation signal from the
vehicle body that the wheel state information has been
received by the recerver mounted on the vehicle body;
and

deleting the wheel state information from the memory of
the respective wheel state detection unit once the con-
firmation signal 1s recerved by the respective wheel state
detection unit.
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